U.S. Government are actions which affect the composition of the publicly held Federal debt. Such actions include operations of both the U.S. Treasury and the Federal
On the theoretical level, there are two major approaches to the term structure of interest rates which have conflicting implications for the effectiveness of debt-management policy. The pure expectations theosy innpli es that debt-management operations have no lasting impact on the structure of interest rates.°T he preferred-habitat theory, on the other hand, implies that changes in the quantity of short-term relative to long-term debt can have significant effects on the term structure of interest rates.~A large amount of empirical work on both theories has accumulated, hut with inconclusive results. At the present time, the preferred-habitat theory cannot he rejected, so that it is not clear whether changes in the relative quantities of debt affect the structure of interest rates. However, if such effects exist, their magnitude may be quite small. This paper investigates the effect of debt-managesnent operations on the structure of interest rates. It is shown that even if the maturity structure of the debt FEDERAL RESERVE ANK OF ST. LOUIS SEPTEMSER 1077 is admitted as a variable which affects the structure of interest rates, there are reasons to expect that such an effect is small, This conclusion helps to explain the inability of researchers to identify empirically such debt-management effects on the term structure of interest rates. It also implies that only massive changes in the composition of the debt could significantly alter the differential between long-and shortterm interest rates.
To derive these results, demand curves for shortand long-term debt are used to formulate a termstructure equation similar to that of other researchers. This equation relates the long-term rate to tile shortterm rate, expected future short-term rates, and the stocks of short-and long-term debt.
4 In this framework, the effects of the debt variables on the longterm rate depend upon the elasticity of demand for long-term debt, The own price elasticities of demand for forty-seven Treasury issues marketed between 1952 and 1976 are measured, and the demands for both short-and long-term securities are found to be very elastic. These large elasticities of demand imply that debt-management operations have little effect on the term structure of interest rates.
TIlE PFJCE. El A STOCITT OF DETO .tM) FOB TEBEA DRY NOTIATS ANTi.) BOĨ t is relatively easy to measure the o\vn price elasticity of demand for a commodity in introductory economics courses. Two points on the demand curve are chosen, and then a simple formula is used to obtain the price elasticity. However, in actual enspirical work this technique is generally not operational, and a more involved approach must he empioyed. Both demand and supply functions for the commodity must be appropriately specified, time series data on the relevant variables must he collected, and simultaneous equation estimation techniques must be employed that control for the variables that shift the demand and supply curves. Using this approach, the measurement of the own price elasticity of demand for a financial asset is especially difficult because of the problems of specifying the asset's supply curve, and because of high correlations among prices of alternative assets.
The simpler method of using two points on an asset's demand curve can be employed, however, in 4 See Modigliani and Sutch, "Innovations in Interest Rate Policy," and "Debt Management aml the Tersn Structure of Interest Rates.' the measurement of the own price elasticity of demand for U.S. Treasury notes and bonds. This approach is made possihle by the Treasury's past use of the "snhscription sale" technique for marketing such securities. &ibs rip! ma Sates anil Denu.in.d. (.] arv 05 rae Treastrr~\ofrs and Bonds
Prior to November 1970, and on three occasions during 1976, the U.S. Treasury sold Treasury notes and bonds on a subscription basis, in contrast to the auction method that is used for Treasnry bills.
5 When the Treasury offers debt issues on a subscription basis, it announces the maturity date, coupon rate, and price at which it will issue debt, and invites tenders for the issue.°The Treasury also announces the approximate amount of debt which it plans to issue as a result of the subscription sale. In the event that the volume of tenders is greater than the amount of debt which the Treasury wishes to sell, subscriptions are filled on a partial basis known as allotments. The allotment procedures, which have varied frequently from issue to issue, are published in the announcement of the offering. however, the fraction of the order which will he 1 This auction method has also been used in snarketing Treasury notes and bonds since November 1970, with the exception of the three issues in 1976. 5 For example, in April 1976, the Treasury announced: "The Department of the 'I'reasssry will offer to sell 83.5 billion of 10-year notes as one of three securities to be issued for the purpose of refunding dcht maturing May 15 and raising ne\v cash, The amount of the offering may be increased by a reasonable amnuunt to the extent that the total amount of subscriptions for $500,000 or less accompanied by 20% (ieposit so svarrants.
"The notes now being ofFered will be 7Th% Treasisry Notes of Series A-1986 dated May 17, 1976 , due May 15, 1986 . They will be sold at par. Interest will he payable on a semiannual basis on Noveinber 15, 1976, and thereafter on May 15 and November 15. "Subscriptions will be received through Wednesday, May 5, 1976, at any Federal Resen:e Bank or Branch and at the Bureau of the Public Debt, Washington, I). C. 20226; provided, however, that subscriptions up to $500,000 aecompained by a 200 deposit xviii be considered timely received if they are mailed to auy such agency under a postmark no later than Tuesday, May 4. 1976.
"The Secretary of the Treasury expressly' reserves the right to accept or reject any or aU subscriptions, in whole or in part, and his action in any such respect shall be final. Subject to these reservations, subscriptions for $500,000, or less, will 1 be allotted in full provided that 20% of the face value of the securities for each subscriber is submitted as a deposit.
"Subscriptions not accompanied by the 20% deposit xviii be received subject to a percentage allotment irrespective of the size of the subscription. No aliotmesst will be made of these subscriptsnns until and sinless tile subscriptions accomnpassied by 20% deposit pursuant to the preceding paragraph have heem allotted in fulh.
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ifiled, the allotment ratio, is not known until after all offers to buy have been submitted.
Subscription sales of Government securities offer a unique opportunity to observe two points on the market demand curve for the particular security being offered. First, the Treasury announces a price, usually par, and invites the private sector to make offers for the amount that they wish to purchase at that price (P 5 in Figure I ). Once the volume of subscriptions has been counted, a point on the demand curve, such as A in Figure 1 , can be located. After the subscription books are closed, but before the date of issue of the security, the Treasury announces allotment fractions and the total amount of the security which will be issued, represented by Q, in Figtire I.
When the quantity which the Treasury issues is less than the amount of subscriptions submitted, the issue is said to have been oversubscribed. Once the amount to be issued has been determined by the Treasury, a second point on the demand curve for this issue can be observed. This point is determined by the amount issued and the price at which the issue sells in the Government securities market, P. in Figure J~7 These two points can be safely regarded as approximations to two points on the same demand curve. First, the time which elapses from the close of the Ut might be argued that the quantity Qs, associated with point A in Figure 1 , is an overestimate of the true quantity demanded at the announced price, on the grounds that the economic units which submit bids which are subject to partial ailoeation inflate those bids based on their expectations of the allocation ratio (the percent of their bid which will be filled). The allocation ratio has been quite variable from issue to issue, ranging from a low of 5 percent to a high of 70 percent. The mean of the allocation ratios is 27.4 percent, and the standard deviation is 17.2 percent. Thus, it would seem to be quite difficult to guess the allocation ratio on any particular issue with great confidence.
It might also be argued that Q~is an overestimate of the true quantity demanded at price Ps on the grounds that market participants submit bids with the expectation that Pm exceeds Ps. Thus, Qs includes some speculative demand by traders who, knowing the prices of outstanding securities which are close substitutes and knowing (or knowing approximately) the amount to be issued, inflate their bids with the intention of purchasing for resale. According to this argument, the larger the expected price differential, Pn -Pm, the larger would be the quantity differential, Qs -Q~. However, such behavior, although possible, does not apparently characterize a large portion of the demand by market participants for these issues. Using the data in Tables I and II , with Pm the price on the first day of trading, the simple correlation between Pm P, and Qm -Q is very low (0.19), as is the simple correlation between the percentage price change and the percentage quantity change (0,08). (This assumes, of course, that market traders expect the market price to be P,n. Considering that information on close substitutes is readily available, this assumption does not seem overly tenuous.) Consequently, even though there may be some speculative demand for these issues at price Pm which leads to Qs being an overestimate of the true quantity demanded, the above correlations indicate that the problem is not very severe. In this regard, see footnote 15 below.
Figure
subscription books to the date of issue of the security is quite short. 8 Second, the securities are usually traded by Government securities dealers in the intervening period on a 'when issued' basis once the allocation has become known. Therefore, very little information that would shift the demand curve for the particular issue would become available between the lime the volume of subscriptions, Q,, is submitted and the time the market price, Pa,, for the issued volume, Q,, is observed. Third, small shifts in the demand curve would result in only small changes in the position or shape of the demand curve, so that various measures of points A and B in Figure I are still close approximations of two points on the same 8 In the case of the hO year note issued in May 1976, which is cited in footnote 6, the subscription books closed on May 5, 1976 and the security was issued on May 17, 1976. Only eight trading days elapsed between these two dates. This is a typical lag for subscriptions issued since the h950s.
The possibility of the demand curve being shifted because of monetary policy actions which affect short-term rates is minimized because of the 'even-keel' commitment, evenkeel has meant that, for a period encompassing the amouneemnent and settlement dates of a large new security offering or refunding by the Treasury, the Federal Reserve has not made new monetary policy decisions (as contained in announeensents from the Board of Govemors or as specified in the second paragraph of the policy directives of the Federal Open Market Committee) that would impede the orderly marketing of Treasury securities and significantly increase risks of market disruption from sharp changes in market attitudes in the course of a financing. 8 Thus, we can assume, without danger of large measurement error, that points A and B in Figure I approximate two points on the same demand curve.
Data have been obtained from various issues of the Treasury Bulletin on fifty-one subscription issues which were offered during the period from June 1952 through August 1976. Issues exchanged exclusively in advance refunding operationsnot exchanged for cashwere excluded from the sample.
1°T wo issues which were auctioned in 1963 were also excluded. Data for the fifty-one issues are given in Table I , including the offering date, maturity date, coupon, termn-to-maturity, offering price by the Treasury (P,), volume of subscriptions tendered (Q, -excluding subscriptions tendered by Government trust accounts and the Federal Reserve System), and the volume of subscriptions filled (Q). All of these issues were oversubscribed.
The additional data which is required to calculate theprice elasticity of demand for each security is the market price, P,,,. Data which were used to constrnct measures of this variable were obtained from closing quotations published daily in The New York Times. Table II contains daily market quotations from the first quotation subsequent to the opening of the subscription books, through the date of issue of the security.
t1 From these, four measures of the market price quotation were constructed: 1) the market price on the first day of trading subsequent to the opening of the subscription books (Pt); 2) the average of the prices on the first five days of trading (P 2 ); 3) the average of the prices of all trading days from the first day of trading through the day of issue (P,); and 4) the market price on the day of issue (P 4 ).
These prices can be compared with the issue prices set by the Treasury. There are only four cases in which the market price fails to rise above the Treasury issue price using at least one of the four measures of the market price.
12 For these four issues, no°I u fact, various measures of the price, Pm, associated with point B are used in the analysis below without substantively affecting our conclusions. tOAdvance refunding consists of offering holders of an existing security the option of exchanging it, prior to its maturity, for a newly issued security. 5 tThe market quotations as published in The New York Time.s give fractional prices in 32nds of a point. In Table II the price quotations have been converted to a decimal basis and rounded to the second decimal place. 12 1n Table H , these issues are those for which the subscription books opened on: 1/12/59j, 4/04/60, 10/30/67b, and 5/08/68. meaningful negatively sloped demand curve can be constructed. Thus, our sample is reduced to fortyseven issues for which a negatively sloped demand curve was observed using at least one of the four measures of market price.
Given two points on a demand curve, the appropriate measure of the price elasticity, a ( Q,P), depends on the functional form assumed for the demand curve. In elementary texts, where the emphasis is on linear demand curves, the distinction is frequently made between arc and point elasticities, and several formulas are typically suggested for computing arc elasticilies.~Ĩf the demand curve is log-linear, then it is appropriate to construct the are elasticity estimate as the ratio of the difference of the logarithms of the two quantities to the difference of the logarithms of the two prices, since the elasticity is constant along the entire range of the demand curve.
An alternative case, which is of interest in the later discussion of the term structure of interest rates, is a semi-logarithmic demand curve, in which the logarithm of the quantity demanded is a function of the level of the price or interest rate. In this case, it is appropriate to compute the arc elasticity as the ratio of the difference in the logarithms of the two quantities to the percentage change in the price or interest rate, where the latter can be measured in the various ways typically suggested for a linear demand function. In our sample, however, the differences in the two price or interest rate observations are so smnall that insignificant measurement errors are introduced in the semi-logarithmic case if the elasticity is meastired by the ratio of the difference of the logarithms of the quantities to the difference of the logarithms of the prices. 14 Table III contains the measured price and interest rate elasticities (in absolute values) for each of the securities in the sample, based on the four measures of the market price and the corresponding yields to maturity. The securities have been arranged in order of increasing maturity rather than by date of issue, so that the elasticities of issues with similar maturities can be compared. The choice of the measure of the market price does not seem to be a significant factor in affecting the major conclusions to be drawn from Table III . In all cases, the price and interest elasticities are large.'°T he mean price and interest elasticities (shown at the bottom of Table III ) using the price on the first trading day are not generally as large as the elasticities using other price measures, with one exception, hut the larger elasticity values using the alternative price measures are also more variable across issues. The price elasticities for longer maturities (five years and over) seem to be considerably smaller on average than those for the shorter maturities (one to five years). Since a given price elasticity, a(Q.P), produces a larger yield elasticity, E(Q,R), the longer the termto-maturity, this difference between the average price elasticities of the different maturities is offset, with the result that the average yield elasticities for the two maturity groupings are not significantly different from each other.'°F or all of the measured series, whether price elasticities or yield elasticities, the values computed for the individual securities tend to exhibit considerable variance across issues, as indicated by the series' standard deviations (bottom of Table III ). The large variance among issues produces a standard deviation which is large relative to the mean elasticity. However, the computed means on all elasticity measures, for both maturity groupings, are significantly different from zero at the 21/2 percent level. In thirteen of the sixteen cases, the mean price and yield elasticities are significantly different from zero at the 0.5 percent level."
Given the large elasticities in Table III , the question arises as to whether these results can be generalized to conclude that the price and interest elasticities of demand for other Treasury securities are also large. Treating the elasticities in Table III as sample observations drawn from a population of elasticities for all Treasury securities, the probability that the own price or interest elasticity is larger than a specified value for any security can be computed.1 8 If the probability is high that the elasticity of demand is large for any given security, then we have greater confidence that the large elasticities in Table III are representative of the elasticities of demand for other Treasury issues. Under the assumption that the individual elasticity estimates are drawn from a normal distribution, the probabilities that the elasticities are larger than 1, 5, 10, 25, and 50 are computed in Table  IV . From these results it is seen that the probability is very high that the Government debt, both long-and short-term, is very elastic with respect to its own price or yield, all other factors held constant.
Discretionary debt-management policy, as usually defined, deals with the manipulation of the relative Tests for the equality of the average yield elasticities for the two maturity groupings were performed using t-tests at the 5 percent level (two-tailed test).
'
A one-tailed test was applied in both cases. ' 8 1n this case, the "population of elasticities" is more specifically the elasticities of demand for Treasury securities over the range of the market demand curve hi which the Treasury operates.
'°Wehave adjusted several of the elasticity computations under the assumption that the total bid Q,, is inflated (see footnote 7). In one case, it is assumed that the tnie value of Qs, called Q,°, exceeds Qt by half of the amount by which Qs exceeds Qi; that is, Qs = Qi + 0.5 (Q, -Qi). In the second case, Q,~is assumed to exceed Qi by only onefourth of the amount by which Qs exceeds Qi; that is, Q,= Qi + 0.25 (Q, -Qt). Under the former assumption, the elasticities reported iu Table III would be multiplied by a correction factor averaghig 0.65, while under the latter assumption the correction factor averages 0.4. Biases of this magnitude in our computations do not substantively alter our conclusions. t6 To be precise, a given price elasticity produces a larger yield elasticity the longer the duration of the bonds. Duration and term-to-maturity are identical measures of the time structure of bonds for non-coupon bonds, such as Treasury bills. But for coupon bonds, such as the Treasury notes and bonds discussed in this paper, duration and term-to-maturity are not equivalent. However, for coupon bonds sehling at par or premiums, duration increases with term-to-maturity, so that the stated rehationship holds for almost all the issues listed in Tables' I and II. For coupon bonds selling at discounts, duration increases with term-to-maturity tip to a maximum, and then decreases as term-to-maturity increases,. This case, although possible, does not appear to be of significant importance in the results reported here. l',]asticities ii ,ihss,l,itc~ahisaniple mean. s :r "anip]t' staisdaid lev,atioo N --nmohcr of sihst-rs a'ion~ii, sainipic t. ILpO i. the t-valoe for I 'sting the hi 1 oUst' (II tb_st the popuhtiun mcdii i) i~eqs:al to 'tie (Et=O).
at Q,P, -the tstsmated pri V elasticity of demand for a security. using pm e P a. the n a ire, if the niarkct r (5' (Q.I~) -: the e-,tuimats-d intere,t ratt ('Ia tasty iii ( maturity composition of a given stock of interestbearing Government debt to accomplish a desired change in the term structure of interest rates. Two major hypotheses exist in the tei-m-structure literature which have conflicting implications for the effectiveness of such debt-management policies. The first hypothesis in its purest form is known as the "expectations hypothesis" of the term structure. This hypothesis maintains that interest rates on long-term securities are determined as a geometric average of current short-term interest rates, and the expectations of future short-term interest rates that will prevail over the life of the long-term security.' 9 Given short-term rates and expectations regarding future short-term rates, the long-term rate is determined independently of the maturity structure of the outstanding debt.
The second hypothesis was originally formulated as a "segmented markets" theory, but in recent years has been revised and has come to be known as a "preferred habitat" theory.
2°I n this latter form, the theory holds that different classes of lenders (and in the case of private debt, borrowers) have a preference for different maturity segments of the debt market. These preferred maturities, or preferred habitats, are assumed to be well-defined for different groups of market participants, but they are not mu- tually exclusive across groups as the proponents of the "segmented markets" hypothesis maintained." Thns, for the market as a whole, arbitrage will occur across the maturity spectrum, and the short-term rate and expectations of future short-term rates should be relevant in determining the long-term rate. However, since individual groups of market participants are hypothesized to have well-defined maturity preferences, demand and supply imbalances in a particular maturity segment cannot be completely arbitraged away. Consequently, the theory maintains that substantial changes in the maturity composition of the outstanding debt should also have an influence on the long-term rate, given the short-term rate and expectations of future short-term rates.
In two articles published in 1966 and 1967, Modig]iani and Sutch investigated the effects of various measures of the maturity composition of the Federal debt on the average yields on long-term Treasury securities." They found very little empirical evidence that debt variables significantly affect the long-term rate. Current and lagged values of the short-term rate, which can be considered as proxy measures for expected future short-term rates, accounted for almost all the variation in long-tenn rates. Modigliani and Sutch concluded that debtmanagement effects, if they exist, have only a small impact on the long-term rate. Other researchers who have done similar empirical work have also found that such debt-management effects are small." Some have maintained that problems of measuring the various debt variables, and especially the inability to accurately measure a debt variable which includes all debt and not only Treasury debt, may bias these empirical tests.' 4 Thus, it is argued that debt-management policies may have a significantly larger effect on long-term rates than has been reported, but that measurement problems prevent its empirical identification. Discretionary debtmanagement policies, according to this line of argument, may yet be found to be very effective in changing the structure of interest rates.
Utilizing the information reported in the first section of this paper on the elasticities of demand for Treasury securities, it can be shown that there are other reasons to conclude that even if debt-management variables affect long-term rates, the effect is small. This can be demonstrated by deriving an equation similar to that investigated by Modigliani and Sutch, but starting from demand functions for Government securities rather than the preferred-habitat theory, Consider the following market demand functions for long-and short-term Government debt: ln(QVW) = cxo + aiR, + a,Rl-a,R and a~> 0, f3~> 0, X. and X 1 are coefficients. Since the demand functions are expressed in terms of interest rates rather than prices, the own elasticities of demand are positive and the cross elasticities are negative. The functional form indicated in equations (1) and (2) has been chosen primarily for expositional convenience, Hoxvever, this form has been used in recent studies of asset demand functions, and recent theoretical work suggests that it is preferred to the more traditional linear and log-linear specifications.' 5
The restriction of wealth elasticities to unity is maintained to eliminate detail which is not relevant to this discussion. None of the conclusions of the subsequent analysis is affected by this constraint.' 5 By subtracting equation (2) from equation (1) 
where DEBT is the quantity of debt outstanding at all maturities, say short (Q,), intermediate (Q,,) and long (Q~), and where the influence of the (unspecified) variables in the vectors Z, and Z, have been impounded in the error term E.
25
(1) Equation (5) is one form of the equation which Modigliani and Sutch (1966) proposed and tested as the "preferred habitat" model,'°It can be seen from equation (5) that the magnitude of the parameters a: and 3, will be crucial in determining whether one can find sizable impacts of the maturity composition of the debt on the long-term rate. If either of these parameters is very large, then the true coefficients of the maturity-composition variables are very small. In addition, since the variation of the maturity structure of the debt is quite limited in any sample period, the precision of the estimates of these coefficients will not be very high. Consequently, it is quite likely that if either a, or [3, is large, it will be possible to reject the hypothesis that changes in the maturity structure of the debt have a significant impact on the long-term rate, for a given short-term rate.
The parameters in equation (5), such as [3, and a,, are associated with the elasticities and crosselasticities of demand for short-and long-term Government securities, which can be derived from equations (1) and (2). The interest rate elasticity of demand for long-term debt (Q~)is equal to [3,R~, while the interest elasticity of demand for short-term debt (Q,) is equal to a,R,. 8°T he cross-elasticity of demand for short-term debt with respect to the longterm interest rate is given bya 3 R>" Although there is insufficient information to estimate a,, estimates of 3, and a, for individual Treasury securities and long (Qi). Then ln(Qs/DEBT) = in (i-%~~°). for values of X between -0.3 and ±0.3; that is, when the ratio of the type of debt to total debt is less than 1/3. However, its use here does not alter the conclusions drawn below, as will be shown later using the original tenn: in (Qs/Qi). The approximation is eoiployed here in order to compare equation ( '°n(Qi,Ri) =~R i=~,Rifrom equation (2); and e( Q,,R,) = d~B, = a,R, from equation (1) 'ls( Q,,R~) = d~Ri = -a~Ri from equation (1) can he obtained from the elasticities of demand in Table III and measures of the interest rates which  correspond to the prices in Table II . Estimates of a, and [3, are given in Table V using the four measures of the market yields corresponding to the price measures discussed earlier. Very few of the values of a, and f3i in Table V are below ten, and many are larger than twenty-five. The probability that [3, is larger than a specified value can be computed in the same manner as the computations for the elasticities presented in Table IV . The probabilities that [3, is greater than 10 and 25 are presented in Table VI . These probabilities are based on the data in Table V with maturities greater than 5 years.
From Table VI it can be seen that the data from the subscription sales suggest that it is highly probable that 3, is larger than 10. If this is the case for longterm debt as a whole, then the coefficients of the debt-composition variables in the "term structure" equation (5) are even more likely to be less than 0.1, since the denominator of this coefficient is the sum of a, and [3, (and both are positive).
To illustrate the implication of such a parameter value, assume that 10 percent of the outstanding Government debt is switched from long-term to shortterm debt by an advance refunding operation. This would be a very large debt-management operation relative to the advance refunding operations which were attempted in the early 1960s as part of "Opera--.,,. 1 hon Twist. With = 0.1, an operation of such a magnitude would imply a change in the long-term rate of two basis points, according to equation (5)32 With this information, it is not surprising that attempts to estimate maturity-structure effects in specifications such as equation (5) have been notably unsuccessful. The evidence presented here suggests that even large changes in the maturity composition of the Government debt will have very minor impacts on the long-term rates on Government securities, and supports the position that debt management can be dismissed as a useful tool of stabilization policy.
The effects discussed above are not merely a function of the hnear approximation of the debt van- agement operations can again be shown to have rela- (4), ln(Q,/Qi), has been cal-io percent of the debt from the short-to long-term culated for the fiscal years 1967-1976 (Table VII ). In end of the maturity spectrum, which again is a large Table VII , short-and long-term debt are defined in debt-management operation, results in a relatively the conventional manner: short-term debt includes small change in the long-term rate, given the shortsecurities with one year or less to maturity; long-term term rate. debt includes securities with 10 or more years to maturity. If the coefficient on ln( Q,/Qi) in equa-In the latter case, the shifting of 5 percent of the Lion (4) is 0.1 (that is, if 1/(cx, + i~~) = 0.1, as debt from the long-to short-term end of the maturity given in the example above), then the impact of the spectrum results in the long-term rate declining by debt variable on the long-term interest rate, given the less than 17 basis points (0.17 percent) in all but one short-term rate, has been less than 25 basis points over the period [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] .'~Furthermore, debt-man- Note that if 10 percent of the debt were switched from long-to short-term, the long-term debt would be wiped out in most years. Since such an operation is not very likely, a s'~'itch of 5 percent of the debt was used in Table VIII in tead, tively small effects on the long-term rate for given short-term rates. Table VIII presents the effects of two debt-management operations based on the data in Table VII : switching 10 percent of the outstanding Government debt from short-term to long-term debt, and switching 5 percent of the outstanding debt from long-term to short-tenn debt." In the former case, the long- case. The exception is for fiscal year 1976, when the long-term rate would decrease by about 31 basis points under this debt-management operation. This change is still not very large, and is accounted for by the fact that shifting 5 percent of the debt from longto short-term in fiscal 1976 reduces the amount of long-term debt outstanding to only $750 million. It is to be expected from equation (4) that if the amount of long-term debt outstanding were virtually eliminated by a debt-management operation, the long-term rate would fall considerably more than would otherwise he the case,
From the examples given in Table VIII , we again find that, even using actual ratios of short-to longterm debt, the large elasticities of demand for Treasury securities imply that the debt variable has a relatively small impact on the long-term rate. Only massive changes in the maturity composition of the debt will have very large effects. 3°C
ONCLUSIONS
Measures of the own price (and interest rate) elasticity of demand for Treasury securities, derived from data on Treasury subscription sales, indicate that the demands for both long-and short-term Government debt are very elastic. Market demand functions for long-and short-term debt were used to obtain a Modigliani-Sutch equation of the tenn structure of interest rates. The large interest rate elasticities of demand imply that the coefficients of the maturity composition of the debt in this equation are expected to be quite small. Based on these estimates, even large changes in the maturity composition of the debt will have little effect on long-term interest rates on Treasury securities. These results are consistent with, and help to explain, the empirical results found by Modigliath and Sutch and other researchers, and support the position that discretionary debt-management operations have little usefulness as a policy tool, '"The above discussion implicitly assumes that the stocks of debt of differing maturities can he taken as exogenous variables (see footnote 27). This may not be an appropriate representation of the behavior of the Treasury. However, the introduction of the simultaneous determination of the supply and demand for Government debt, by introducing a debt-service minimization policy, prevents estimation of any maturity-composition effects using this term-structure framework (see Appendix).
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APPENDI)(
This appendix considers the case of endogenous supplies of Government debt, There has been a great deal of discussion of Treasury policies which suggests that the goal of the Treasury, at least throughout the l950s, yvas to manage the maturity stnscture of the debt so as to minimize the cost of the debt service) If this is the case, we can characterize the behavior of the Treasury by the following supply equations: ln(Qs/DEBT) = yo-ytR, +~2Ri (yt >0 In(Qi/DEBT) = 5, + 5sRc52R~(Si >0 (A.l) (A.2) Equations (A. 1) and (A.2) imply that as the long-tenn rate goes up or the short-term rate goes down, the Treas-8cc U.S.. Congress, joint Economic Committee, Employment, Growth, and Price Lecels, Study Paper No, 19, Warren L. Smith, ''Debt Management in the United States," 86th Cong., 2nd sess,, 1960, in the late 1960s thc ability of the Treasury to pursue any policies with respect to the immuturity structure of the Government debt was severely limited by legal restrictions on the maximum coupon which could be placed on new bonds. Since this coupon 'vas substantially below prevailing market rates for long-term issues, the Treasury was effectively prohibited from issuing new bonds, um'y shortens the average maturity of the debt, and viceversa for lengthening the maturity of the debt. By subtracting (A.2) from (A. 1) we obtain: 
